Solutions

Original-task marking: M1 method, A1 accuracy, B1 reasoning.

2.1 T =27+273 =300 K; a temperature change is the same on both scales: 45 K = 45
Celsius degrees.

2.2 E), = 3 x 1.38 x 1072 x 300 = 6.2 x 1072 J.
2.3 Q = 0.50 x 4186 x 50 = 1.0 x 10° J.

2.4 AQ/At =50 x 2.0 x 10~* x 100/0.40 = 2.5 W.
25T =29x%x1073/9.7x 1077 = 3.0 x 103 K.

3.1 Melt: Q; = 2.0 x3.34 x 10° = 6.68 x 10° J. Warm: (Q, = 2.0 x 4186 x 25 = 2.1 x 10°
J. Total = 8.8 x 105 J; time = 8.8 x 10°/1200 = 7.3 x 10 s ~ 12 minutes.

3.2 =4.0x%x10%/(47(1.5 x 10")?) = 1.41 x 10> W/m?. Cross-section = 7(6.4 x 10°)? =
1.3 x 10 m2; power = 1.4 x 10° x 1.3 x 10 = 1.8 x 1017 W.

3.3 Black body: L = 5.7x 1078 x 2.0 x 340* = 1.52 x 103 W. Radiator: 0.80x 1.52 x 10% =
1.22 x 10> W — 20 % less than the black body, as emissivity scales the radiated power
directly.
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